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Abstract
A serial derecho impacted Upstate New York and western Massachusetts on the afternoon of 7
October 2020, resulting in 120 damaging wind reports alonga 515-km swath. The magnitude and
extent of this event was unexpected and not well forecast, motivating a closer examination. This
study seeks to better understand the conditions prior to and during the derecho to diagnose what led
to such a damaging wind event. The synoptic forcing for this event was an upper- level jet with a
broad, negatively tilted trough over the northeast U.S. and southeast Canada. The upper-level
pattern provided forcing for a 990-hPa surface low in southern Quebec with a cold front draping
southwest across New York. A mesoscale convective system (MCS) formed as the cold front
progressed eastwardalong the Mohawk Valley. The pre-convective environment was characterized
by high shear and low CAPE with < 500 J kg-1 CAPE and > 35 m s-1 0–6-km shear.
The local evolution was analyzed using New York State Mesonet surface observations along the
Mohawk Valley, in the propagation direction of the derecho. These observations show that surface
warming ahead of the cold front increased the temperature gradient and decreased stability
immediately prior to the derecho passage. Factors that may have contributed to this warming and
destabilization include decreasing cloud cover, adiabatic warming via downslope winds, and
channeling of warm air northward in the Hudson Valley. Models wereunable to capture the rapid
destabilization immediately preceding the frontal passage resulting in poor convective structure in
the forecast.
Keywords: Derecho, High-shear low-CAPE, NYS mesonet, Severe thunderstorms
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Introduction
On the afternoon of 7 October 2020, a mesoscale convective system formed in western
New York State 1730 UTC. It progressed east-southeastward across the state into Massachusetts
intensifying along the way. The system reached its maximum strength as it reached the New
York Capital Region and western Massachusetts. The radar of the squall (Fig. 1) featured bowing
echoes, indicative of strong winds. The Storm Prediction Center (SPC) filtered storm reports
listed 126 severe wind and two significant wind gusts (the latter defined as >33 m s-1 [65+ kt])39 m s-1 at Mt. Tom, Hampshire, Massachusetts and 37 ms-1 Norfolk, Massachusetts. Two
tornadoes were reported (Fig. 2b) in Canajoharie, New York and Norfolk, Massachusetts. Three
microbursts with gusts estimated to be 40–50 m s-1 were reported. The Albany Airport recorded a
30 m s-1 gust, the highest October gust on record. The convective system dissipated at 2330
UTC, over five hours after initiation. The derecho carved out a 515-km damage swath (National
Weather Service 2020).

Figure 1. Radar Mosaic
Radar mosaic at hourly intervals (UTC time) from the UCAR radar archive. M and T denote microburst
and tornado locations, respectively.

1

This event was classified as a serial derecho due to its strong synoptic-scale forcing and
its propagation along the cold front perpendicular to mean wind. The NWS Storm Prediction
Center one-day outlook (Fig. 2a) featured a large marginal risk area for the northeast United
States. This outlook was last updated at 1601 UTC, and the first severe wind reports occurred
at1800 UTC, just two hours later, depicting how difficult of a forecast this event was.
(a)

(b)

Figure 2. SPC Categorical Outlook and Filtered Strom Reports
(a) 1601 UTC SPC categorical outlook, and (b) SPC filtered storm reports for 7 Oct 2020, updated 20 Oct.

The October 2020 derecho was a high-impact event across New York and New England,
and the first derecho to impact New York’s Capital Region since 1998. Hundreds of trees were
downed during peak fall foliage. There were two fatalities caused by this storm in Clifton Park,
NY and Great Barrington, MA; five injuries were reported in Middlesex, Massachusetts. Power
went out for over 250,000 customers in the New York Capital Region and western
Massachusetts. Two days following the storm, there were over 60,000 without power on 9
October (LaPointe 2020). Power outages from this derecho rivaled Tropical Storm Irene (2011)
in the NY Capital Region.
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Literature Review
Hinrichs (1888) defined a derecho as a separate damaging wind event from tornados,
comprising of straight-line winds, advancing cold air, a rapid pressure rise, and temperature fall.
The qualifications for a mesoscale convective system to be classified as a derecho are still not
completely agreed upon. Johns and Hirt (1986) set the requirements as a concentrated area of
reports consisting of convective gusts of more than 26 m s-1, a major axis length of at least 400
km, and at least 3 reports of either F1 damage or at least 33 m s-1 gusts. The October 2020
derecho had a 515-km damage swath with two 33+ m s-1 gusts. Coniglio et al. (2004) argued that
the 33 m s-1 wind criterion is unnecessary, and Coniglio and Stensrud (2004) added three 38 m s1

gusts asa requirement.
There are two derecho types: serial and progressive. Serial derechos progress along a

surface cold front perpendicular to the mean wind direction (Johns and Hirt 1986). Serial
derechos differ quite significantly from their Central Plains counterparts. Composite soundings
associated with strongly forced serial derechos were colder and drier than the composite for
weakly forced progressive derecho events (Doswell and Evans 2011). Derechos are infrequent in
New York and Massachusetts (Fig. 3a). Over 60 percent of derechos in the U.S. occur in
May, June, and July; only 2% of derechos in the U.S. occur in October (Coniglio and Stensrud
2004). 81% of the studied derechos were tornadic (Johns and Hirt 1986), and two tornadoes were
reported in the 7 October 2020 derecho.
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(b)

Figure 3. Derecho Spatial and Temporal Distribution
(c)

(a) The distribution of derechos for the months of Sep–Apr
for 76 events from 1986 to 2001, contoured every 4
(Coniglio and Stensrud 2004). (b and c) Annual and daily
cycle of nationwide high-shear low-convective available
potential energy (HSLC) significant severe reports and
nulls. Nulls: severe T-storm or tornado warning in a HSLC
environment when none were reported (Sherburn and
Parker 2014).

High-shear low-convective available potential energy (CAPE) (HSLC) environments are
defined in Sherburn and Parker (2014) as surface-based CAPE (SBCAPE) < 500 J kg-1, most
unstable CAPE (MUCAPE) < 1000 J kg-1, and 0 – 6-km shear vector > 18 m s-1. HSLC events
have been noted typically to occur in the cool season (Burke and Schultz 2004; Smith et al.
2013). Relative to higher buoyancy (>500 J/kg MLCAPE) tornadoes, weak CAPE tornadoes
were found to occur more frequently during the cool season and transitional spring/autumn
months (Guyer and Dean 2006). With regards to HSLC events, severe reports are at a minimum
July – November; October is a local maximum for HSLC wind reports in meteorological fall
(Fig. 3b). HSLC significant severe reports over September – February predominantly occur in
the South Atlantic and lower Mississippi valley regions (Sherburn and Matthew 2014).
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The Northeast US in October is not climatologically a hot spot for severe wind reports.
79% of derecho cases began from 1600 – 0400 UTC (Johns and Hirt 1986), and the October
2020 derecho initiated at 1800 UTC. The local solar hour HSLC severe report maxima is 17 – 21
local time (Fig. 3c), and the October derecho occurred 14 – 18 local solar time. HSLC
environments producing severe convection tend to be associated with potent upper-level troughs,
surface cyclones, and cold fronts (e.g., Cope 2004; Lane and Moore 2006; McAvoy et al. 2000;
Sherburn et al. 2016; Wasula et al. 2008).
Johns (1993) found that cool-season damaging straight-line wind events may be primarily
driven by the strength of the upper-level flow, the momentum of which could potentially be
transferred to the surface in convective downdrafts. The majority of derechos studied occurred
under westerly/northwesterly flow (Johns and Hirt 1986) as was the case for the October
derecho. In 86% of cases, 850-mb warm-air advection was present immediately preceding
derecho development. Johns and Hirt (1986) conclude that “low-level synoptic patterns play a
critical role in initiation/maintenance of derecho producing systems.” Sherburn and Parker
(2014) and Sherburn et al. (2016) indicate that additional research is necessary to investigate the
influence of synoptic-scalefeatures on HSLC severe events such as upper-level troughs, jets, cold
fronts. These features as well as low-level warm air advection may account for rapid
destabilization in some cases.
Data
The Weather Prediction Center (WPC) surface analysis was used to analyze surface
features ahead of and associated with the derecho. Climate Forecast System Reanalysis (CFSR)
one-degree resolution data was used to assess the upper-level jet pattern. The mesoscale analysis
was performed with the NCEP 13-km RAP reanalysis from SPC. NYS Mesonet surface stations
provided additional data to analyze the surface evolution ahead of and during the derecho's
5

passage. The New York State Mesonet is a network of 126 surface stations (Fig. 4) across New
York (Brotzge et al. 2020). Data from the Mesonet is analyzed at five-minute temporal
resolution. This study selected ten surface stations along the progression axis of the derecho to
assess theevolution of the system; these stations were along the Mohawk Valley.
Figure 4. NYS Mesonet
stations’ locations and
elevation. 10 selected
stations for the study: CSQR,
CAMD, WEST, HERK,
SPRA, DUAN, VOOR,
SCHO, SCHA, and STEP.
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Results
A. Synoptic Analysis
The synoptic-scale setup for this event was an upper-level jet with a broad, negatively
tilted trough over the northeast U.S. and southeast Canada. A long > 75 m s-1 jet streak stretched
from northern Minnesota to eastern New York at 1800 UTC 7 October (Fig. 5a). Ascent in the
poleward exit region of the jet streak coincided with the region of diverging, ageostrophic winds
downstream of the trough axis, which is also associated with ascent. The 300-hPa divergence
maximum was located over central New York at 1800 UTC. This upper-level pattern provided
forcing for a 990-hPa surface low in southern Quebec with a cold front draping southwest across
New York (Fig. 5b). A mesoscale convective system (MCS) formed as the cold front progressed
eastward along the Mohawk Valley.

(b)

(a)

Figure 5. Upper-level Jet and Surface Analysis
(a) 300-hPa isotachs (shading), wind barbs (kts), and height (dam; contours) in CFSR at 1800 UTC. (b)
WPC surface analysis at 1800 UTC.

The surface analysis at 1800 UTC indicated a 990-hPa surface low in southern Quebec
(Fig. 5b), which had just begun to occlude. There was a strong temperature gradient ahead of the
cold front. Poughkeepsie recorded a temperature of 21 °C (70 °F), while 120 km north, Albany
was 15.6 °C (60 °F) at 1800 UTC. Southerly flow, channeled along the Hudson Valley, led to
7

warm air advection ahead of the cold front (Fig. 13a). The dewpoint depression was 3 °C in
Albany and 11 °C in Poughkeepsie. Larger dewpoint depressions provide more potential for
evaporation, which in severe thunderstorms can lead to stronger wind gusts due to evaporative
cooling and the downward transport of strong winds aloft (Fig. 7b). Strong frontogenesis
occurred as the cold front reached the Capital Region, the convergence point of the Mohawk and
Hudson Valleys. Frontogenesis values in excess of 5 K/100 km/3 hr were analyzed in the SPC
RAP reanalysis (Fig. 7a).

(a)

(b)

Figure 6. KALB Soundings
(a) 1200 UTC 7 October and (b) 0000 UTC 8 October.

This study analyzed the KALB soundings before and after the derecho passage. The
maximum wind speed reported was 59 m s-1 at 225 hPa 1200 UTC 7 October. The lowest
altitude 50 kt winds (26 m s-1) were at 600 hPa (Fig. 6a). The tropopause dropped from 300 hPa
to 450 hPa in 12 hours. A sudden lowering of the tropopause indicates a potent upper-level wave
and implies strong adiabatic lift as the drop occurs. By 0000 UTC 8 October, the maximum
windspeed increased to 75 m s-1 at 300 hPa as the jet streak moved over Albany. The lowest 50
kt (26 m s-1) winds descended to 850 hPa with 23 m s-1 winds at 900 hPa (680 m above the
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surface) four hours after derecho passage (Fig. 6b). High winds near to the surface can facilitate
momentum transfer through evaporative cooling and cause damaging wind gusts in severe
thunderstorms. The boundary layer was well mixed from the surface to 850 hPa. There were no
strong backing winds indicative of cold air advection in the soundings. The average 500-hPa
wind speed with derecho events is 21 m s-1 (Johns and Hirt 1986); 500-hPa winds were 28 ms-1
before and 36 m s-1 after the derecho. Sherburn (2016) postulated that dry-air aloft suggests the
presence of potential instability, which could be released by ascent, supplementing the
apparently low ambient CAPE values. The 1200 UTC sounding featured a 700 – 600 hPa dry
layer.
This study analyzed the SPC High Resolution Ensemble Forecast (HREF) ensemble
mean initialized at 1200 UTC for the Capital Region to gain additional information about the
mesoscale environment ahead of the derecho. At 1800 UTC, prior to the derecho, the ensemble
mean indicated 75 kt of surface–500-hPa shear and less than 250 J kg-1 of CAPE. The jet pattern
(Fig. 5a) provided strong shear. Two hours later, there was 60 kt of surface – 500 hPa shear, and
500+ J kg-1 CAPE (Fig. A3). This meets the Sherburn and Parker (2014) threshold to be
designated as a HSLC event. Strong synoptic forcing via the upper-level trough and cold front
was the main driving factor for the event. 0 – 1-km shear exceeded 18 m s-1 (35 kts) prior and
during the derecho.
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B. Mesoscale
(c)

(b)

(a)

Figure 7. Frontogenesis, DCAPE, LFC
SPC RAP (a) 2000 UTC frontogenesis (K/100 km/3hr), (b) 1900 UTC DCAPE (J/kg), and 2000 UTC mean
parcel LFC (m AGL).

A parameter designed specifically to forecast HSLC severe events is the severe hazards
in environments with reduced buoyancy parameter (SHERB). The SHERB parameter using the
6-km wind magnitude, is a composite parameter introduced by Sherburn and Parker (2014) takes
into consideration the 0–3-km lapse rate, the 700–500-hPa lapse rate, and multiple wind and
shear metrics. SHERBE uses effective shear, making the parameter go to zero where CAPE is
absent. Both the SHERB and SHERBE parameters highlighted the favorable environment for the
derecho (Fig. 8).

Figure 8. SHERB and Modified SHERBE
SPC 1800 UTC SHERB (left) and Modified SHERBE (right) (Sherburn and Parker 2014).
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A satellite-derived sounding over Albany County at 1802 UTC gives an indication of the
local pre-convective environment. The smoothed sounding represents an average around Albany
at a 50-km resolution (Kalluri et al. 2021). Less than two hours prior to derecho passage, CAPE
had increased to over 800 J kg-1 (Fig. 9). Further surface warming from 1800 – 2000 UTC
occurred likely increasing the CAPE to over 1000 J kg-1. Analyzing the NOAA-Unique
Combined Atmospheric Processing System (NUCAPS) sounding with the balloon-derived
sounding, there were high winds at low levels (Fig. 6), dry air aloft, and (near) saturated low
levels. The microburst windspeed potential index from the NUCAPS sounding was 2.5 (Pryor
2015) allowing a wind gust potential of 40 kts to be derived. The combination of satellite
soundings and wind gust potential may serve to be useful in short term severe forecasting.

Figure 9. Satellite-derived Sounding (Kalluri et al. 2021)
1802 UTC Albany, NY at 50km resolution.

The passage of the derecho at New York Mesonet stations occured at different times. To
enable clearer analysis of the derecho evolution, New York Mesonet station data was analyzed
relative to the time of the derecho passage, defined to be the time of the maximum temperature
immediately prior to the derecho passage. The potential temperature of surface stations affected
by the derecho dropped from 19 °C to 12 °C in less than 10 minutes (Fig. 10a), highlighting the
11

strength of the derecho and cold front. The cold front provided the main surface forcing for the
derecho and increased in strength (Fig. 7a) as it entered the Capital Region. The cold front
increasing in strength can be seen by the drop in potential temperature generally increasing from
west to east (Fig. 10a). After an earlier area of light rain passed through, the potential

(a)

(b)

Figure 10. Potential Temperature Fall and Pressure Rise
(a) Potential temperature and (b) sea-level pressure versus time of derecho passage using NYS Mesonet
stations chosen along propagation axis of the derecho. Grey scaling indicates longitude where western
stations are lighter and eastern stations are darker.

temperature rose during the two hours prior to the derecho passage. This warming helped to
destabilize the pre-convective atmosphere, increase the temperature gradient, and strengthen the
cold front. In simulated HSLC events, temperatures near the surface increase modestly leading
up to convection, resulting in steeper lapse rates and increased CAPE in the low levels of the
troposphere (Sherburn and Parker 2014). The sea-level pressure spiked 2 – 3 hPa in the 5 – 10
minutes after the derecho passage at the surface stations due to the cold pool (Fig. 10b). The
rapid potential temperature drop and pressure rise are indicative of a strong cold pool which is
driven by evaporation of rain into dry air.
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(a)

(b)

(c)

Figure 11. Visible Satellite, Cumulative Insolation, and Solar Irradiance
(a) Visible satellite imagery at 1930 UTC. (b) NYS Mesonet stations cumulative solar insolation starting 3
hours prior to derecho passage. (c) SolarIrradiance at 1855 UTC.

As stated earlier, the temperature rose ahead of the derecho due to a period of clearing,
which can be analyzed from solar insolation data at the same Mesonet stations. The solar
insolation increased for the majority of analyzed stations in the final hour prior to the derecho
passage. Voorheesville (VOOR) and Stephenstown (STEP) are anomalies in the cumulative
insolation plots (Fig. 11b). The VOOR station is located near the junction of the Mohawk and
Hudson Valleys, where downslope southwesterly winds from the Helderberg mountains in the
three hours prior provided subsidence for clearing and adiabatic warming. VOOR recorded the
highest cumulative insolation of the selected stations. A small patch of clearing (Fig. 11a) with
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insolation exceeding 600 W m-2 (Fig. 11c) can be seen ahead of the derecho. STEP, east of the
Hudson River, recorded the lowest insolation of the selected stations (Fig. 11b), where
orographic lift kept more cloud cover over STEP (Fig. 11a) than the other analyzed stations.

(a)

(b)
(c)

Figure 12. Time of Derecho Passage vs. Pressure Rise, Temperature Fall, and Max Wind Gust
Time of derecho passage (UTC) versus (a) station pressure rise (hPa), (b) temperature fall (°C),
and (c) max wind gust (m s-1). The NYS Mesonet station is labeled.

The surface warming ahead of the cold front increased the instability ahead of the front
and the strength of the front itself that was forcing the derecho. For the 10 selected surface
stations, there was a strong correlation of the time the derecho hit versus the pressure rise,
indicative of a strengthening cold pool (Fig. 12). The temperature drop associated with the
derecho increased from west to east. The derecho increased in strength as it moved eastward,
reaching its maximum strength as it left New York State. The maximum wind gusts depict a
similar trend but are less strongly correlated due to microscale effects and terrain.
We analyzed back trajectories using the Hybrid Single-Particle Lagrangian Integrated
Trajectory model (HYSPLIT). This helped to tie our hypotheses together. The model was
initialized using 3-km HRRR backward trajectories ending at 1600, 1800, 2000 UTC. The lowest
model levels (Fig. 13a) capture southerly Hudson Valley channeling, which led to strong warm
14

air advection. Descending air in low levels (300 – 700 m ASL) resulted in adiabatic warming
right before 1800 UTC (Fig. 13b). As previously mentioned, the downward vertical motion also
assisted with clearing cloud cover to increase insolation. At the time of the derecho, strong
ascent was captured above a kilometer at 2000 UTC. There was upward vertical motion at the
1500-m level (Fig. 13c), subsidence at 500 m and no vertical motions at 1000 m, which is
consistent with descending air in the derecho bringing the strong westerly winds downward to
the and the approximately 1000 m LFC in the SPC RAP (Fig. 7c).

(a)

(c)

(b)

Figure 13. HYSPLIT Back Trajectories
HYSPLIT Back Trajectories at at 1600 (a), 1800 (b), and 2000 (c) UTC initialized using the 1800 UTC
HRRR. Black star denotes location of origin. Trajectories end at 300, 500, 700 m AMSL (a and b) and 500,
1000, 1500 m AMSL (c). Model terrain height is represented by the black lines.
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C. Modeling and Predictability

(a)

(b)

Figure 14. NAM Forecast Reflectivity
NAM 2000 UTC October 7 50-hour forecast (a) of simulated radar reflectivity and mean sea-level
pressure, initialized at 1800 UTC October 5 and (b) 14-hour forecast initialized 0600 UTC 7 October.

The forecasts of the derecho greatly differed between models and model initialization
times. First, there were uncertainties in the forecast amount of instability. The discrepancies
between the satellite derived sounding, SPC RAP analysis, and SPC HREF model average
highlight how difficult it was to capture the rapidly changing mesoscale environment. The SPC
HREF ensemble MUCAPE forecast from 1200 UTC October 7 was approximately 250 J kg-1 in
the Albany area for 1800 UTC. The SPC RAP analysis featured 250 – 500 J kg-1 for the region.
A discrepancy of over 500 J kg-1 existed between the SPC HREF/RAP and the satellite-derived
sounding (Fig. 9), which showed 805 J kg-1 CAPE for the same region. This implies that CAPE
may have played a larger role in the intensification of the derecho than initially forecast.
There are differences in the 3-km NAM forecast reflectivity at different initialization
times, verifying at 2000 UTC 7 October. The 50-hour forecast initialized 1800 UTC October 5
was more accurate, depicting a linear band of high reflectivity (Fig. 14). The 20-hour forecast,
initialized at 0600 UTC 7 October, had less organized convection and was less accurate, despite
it being closer to the event. Not until the 2 – 8-hour forecasts (initialized 1200 and 1800 UTC on
the day of the event) do linear bands of high reflectivity reappear in forecasts. The decrease in
16

model forecast accuracy with intermediate lead times is interesting. There were significant
discrepancies between other convection-allowing models (Fig. 15). The model uncertainty was a
factor in the SPC hesitating on issuing watches and higher risk outlooks.

Figure 15. SPC HREF Forecast Simulated Reflectivity
SPC HREF forecast of simulated radar reflectivity at 2000 UTC 7 October, initialized 1200 UTC 6
October(32-hour forecast). HRW NSSL (left) and HRW FV3 (right). The bottom plots show model runs
initialized at 0000 UTC 6 October (44-hour forecast) at the same verifying time.

Conclusion and Discussion
The 7 October 2020 derecho occurred in a high-shear, low-CAPE (HSLC) environment.
There were low CAPE values forecast regionally of 200 – 500 J kg-1 (Fig. A3) proving to be a
difficult severe forecast. A 75 m s-1 jet streak moved over the northeast United States providing
high shear and upper-level forcing for a 990-hPa low in southern Quebec. The associated cold
front progressed across New York state, providing forcing for the derecho. Pre-frontal surface
warming increased frontogenesis and decreased stability. Factors that contributed to this prefrontal surface warming include downslope winds creating adiabatic warming, clearing cloud
cover increasing insolation, and warm-air advection via southerly winds channeling up the
17

Hudson Valley. Poor skill in the model forecasts of the derecho, and uncertainty in the forecast
instability, made forecasters hesitant to issue a watch or higher risk outlooks. The majority of
models failed to forecast a line of organized convection at the time the derecho occurred.
Future work may focus on investigating what led to these model deficiencies; what model
physics and initializations were fundamentally different to the models that more accurately
forecast the derecho versus ones that did not. Analyzing this case in relation to other HSLC
events may also prove to be beneficial. We would like to investigate null cases with similar
events and setup in the Northeast that resulted in weaker squall lines compared to the derecho to
identify a fundamental delineator. Improving our understanding of derechos and their forecasts
can increase the awareness of forecasters and the public to similar events in the future.
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Appendix: Supplementary Figures for 7 October 2020 Derecho

Figure A1. MRMS Cloud-Ground Lightning and Peak Reflectivity
NYS Mesonet MRMS 24-hour cloud to ground lightning strikes (983) and peak composite
reflectivity ending 0500 UTC 8 October.

Figure A2. SPC Categorical Outlooks
SPC Categorical outlooks issued 1601 UTC and 1929 UTC.
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Figure A3. MUCAPE and Shear
SPC HREF MUCAPE and 0 – 500-hPa shear 1800 and 2000 UTC initialized 1200 UTC.

Figure A4. Mesonet Radar and Observations
1800 UTC radar and observations from NYS Mesonet
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Figure A5. HREF Reflectivity Stamps 1
SPC HREF stamps at 2000 UTC 7 October initialized 1200 6 Oct.

Figure A6. HREF Reflectivity Stamp 2
SPC HREF stamps at 2000 UTC 7 October initialized at 1200 UTC 7 Oct.
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